In an earlier communication (1) an experiment was described in which the isotopic compositions of urinary creatine and creatinine excreted by a patient with progressive muscular dystrophy were studied after a feeding of glycine-N'5. It was found, that in the first few days urinary creatine was much more enriched with N'5 than was urinary creatinine, and that the isotope concentration in the creatine fell far more rapidly than did that in the creatinine. These results were taken to mean that the creatinuria, in this patient, was not a consequence of leakage of creatine out of skeletal muscle but rather represented newly formed creatine, synthesized in liver, which had failed to gain entry into muscle.
In an earlier communication (1) an experiment was described in which the isotopic compositions of urinary creatine and creatinine excreted by a patient with progressive muscular dystrophy were studied after a feeding of glycine-N'5. It was found, that in the first few days urinary creatine was much more enriched with N'5 than was urinary creatinine, and that the isotope concentration in the creatine fell far more rapidly than did that in the creatinine. These results were taken to mean that the creatinuria, in this patient, was not a consequence of leakage of creatine out of skeletal muscle but rather represented newly formed creatine, synthesized in liver, which had failed to gain entry into muscle.
The present study represents an extension of these observations on two additional patients. Essentially the same technique as previously described was utilized. In view of the fact that the "sarcosine-nitrogen" of creatine derives from glycine nitrogen in liver, as does the nitrogen of hippuric acid, it was considered of interest to compare the abundance of N15 in simultaneously excreted creatine and hippurate after feeding glycine-N'5. To facilitate hippurate isolation from urine, small amounts of sodium benzoate were administered from time to time to each subject. EXPERIMENTAL 
Clinical histories
Subject T. K., a 31-year-old white male, has exhibited evidences of muscle dysfunction since the age of 4 swept the ammonia, formed from the amidine group of creatinine, into a receiver containing 5 ml. of 4 per cent boric acid solution (5) . N' abundance was determined in this ammonia, and from this value and the corresponding analysis of the creatine, the abundance of N' in the sarcosine moiety was calculated from the equation:
where Ns = atom per cent excess N1' in sarcosine moiety Nc = atom per cent excess N' in creatine NA = atom per cent excess N' in ammonia liberated. Analyses for creatine and creatinine were conducted by a modified Folin-Wu (6) method.
RESULTS AND DISCUSSION
The present experiments were predicated upon the assumption that if creatine and creatinine of the urine both arose from the same muscle creatine, they would at all times exhibit the same isotope enrichment. In our earlier study, following the feeding of glycine-N15 to a patient with progressive muscular dystrophy, this was found not to be the case. The results obtained in the present study (Figures 1 and 2 ) are in good qualitative agreement with the values previously published. Initially, far higher concentrations of N15 are found in urinary creatine than in urinary creatinine. The isotope concentration in creatine falls rapidly and by the 8th or 10th day is not sensibly different from that in the creatinine.
Creatinine is generally believed to arise in skeletal muscle from muscle creatine or phosphocrea- The present findings are taken to confirm our earlier conclusion that the urinary creatine in this disease did not leak out of muscle. From its initial high isotopic enrichment and from the subsequent rapid decline in abundance of N1' it is concluded that the creatine of the urine, in this disease, is freshly synthesized creatine which has never been mixed with the large stores of creatine contained in skeletal muscle. In man there is reason to believe that most or all creatine synthesis occurs in the liver (9) and it is, therefore, suggested that in progressive muscular dystrophy the creatinuria is a consequence of-an imbalance between normal hepatic creatine synthesis, and markedly diminished creatine uptake by-muscle. This view is in accord with that expressed by Hoagland, Gilder, and Shank (10) .
The isotope concentrations observed in urinary creatinine in these two patients as well as in the patient studied previously, are higher than the corresponding values obtained from normal subjects (1). This suggests that, despite the great diminution in functional muscle mass, such muscle as survives is still very competent to convert creatine into creatinine. In fact the fraction of muscle creatine converted to creatinine daily is, if anything, greater than normal, although the absolute amount of creatinine formed is obviously less than normal.
It has been clearly established that the synthesis of creatine in animals involves the amidination of glycine at the expense of arginine followed by methylation of glycocyamine, at the expense of methionine. Glycine has been shown to be a specific biological donor of nitrogen to the sarcosine fragment obtained by alkaline degradation of creatine (11) . Since this utilization of glycine in man is supposed to be largely a liver function and since hippurate formation is employed clinically as a measure of liver function, it was considered of interest to compare, after glycine-N15 ingestion, the concentrations of N15 in simultaneously excreted creatine and hippurate samples. The creatine values have been corrected for isotope contained in the amidine portion of the molecule (Tables I and II) Several points of interest emerge from these curves. In the first place, at all points in time in both subjects, there is a higher concentration of isotope in the sarcosine moiety of creatine than in the hippurate. Furthermore, the two curves, in each experiment, are roughly parallel on the coordinates employed, and indicate a fairly uniform ratio of isotope concentrations in the two products. The concentration of isotope in the sarcosine is creatine molecule formed from it, a significant lapse of time intervenes. The creatine excreted at any time would then represent liver glycine at some earlier time, and since throughout most of the experimental period the isotope enrichment in liver glycine must be falling, the creatine excreted would be richer in isotope than the glycine, present in the liver, available for hippurate synthesis at that time. This explanation of itself appears to be incomplete. Such a time lag, did it occur, would be expected to be constant during the experiment. A comparison of the points in time on the two curves at which both compounds are equally labeled ( Figure 3 or 4 to detect, in either experiment the ascending limb of the curve of N15 in sarcosine also argues against the occurrence of any significant time lag in creatine synthesis or in creatine excretion. An alternative explanation is that there are in the liver at least two pools of glycine nitrogen which are not perfectly mixed with each other. Various mechanisms may be envisioned to account for the greater dilution of N15 in one pool than in the other, but at present information is insufficient to warrant speculation. The suggestion inherent in these results that isotope may be far from uniform in its distribution in one compound in one organ interjects a note of caution into interpretations of results of isotope expenments 4 in which homogeneous distribution of isotope must be assumed. The possibility that the abrupt drain upon the supply of glycine in the liver imposed by the injection of sodium benzoate might of itself reduce the abundance of N5 in glycine has been considered. With this in mind we have kept the dosage of benzoate relatively small. However, even if this small additional drain of glycine did result in an abrupt decline in N'5 concentration in that portion of glycine in liver used for hippurate formation, this change was not reflected in the sarcosine data. Consequently the conclusion that these two glycine derivatives tap discrete and imperfectly mixed reservoirs appears inescapable.
SUM MARY
Two patients with severe progressive muscular dystrophy have been fed glycine-N'5 while on a creatine-free diet. The concentrations of N'5 in urinary creatine and creatinine have been measured and compared. Initially far higher concentrations of isotope were found in creatine than in creatinine, and the decline in isotope abundance with time was more rapid in creatine than in creatinine.
These findings indicate that urinary creatine. in this disease. does not originate in muscle but represents freshly synthesized creatine which has been denied access to muscle.
A comparison of N15 concentrations in simultaneously excreted creatine and hippuric acid samples revealed that, at all points in time studied, the concentration of isotope in the sarcosine moiety of creatine exceeded that in hippuric acid by a factor of two-to three-fold. This finding has been taken as evidence of inhomogeneity in the glycine of liver available for synthetic processes.
